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University.Abstract The Early Cretaceous Hohhot metamorphic core complex (mcc) of the Daqing Shan (Mtns.)
of central Inner Mongolia is among the best exposed and most spectacular of the spatially isolated mcc’s
that developed within the northern edge of the North China “craton”. All of these mcc’s were formed
within the basement of a Late Paleozoic Andean-style arc and across older Mesozoic fold-and-thrust belts
of variable age and tectonic vergence. The master Hohhot detachment fault roots southwards within the
southern margin of the Daqing Shan for an along-strike distance of at least 120 km. Its geometry in the
range to the north is complicated by interference patterns between (1) primary, large-scale NW-SE-trend-
ing convex and concave fault corrugations and (2) secondary ENE-WSW-trending antiforms and syn-
forms that folded the detachment in its late kinematic history. As in the Whipple Mtns. of California,
the Hohhot master detachment is not of the Wernicke (1981) simple rooted type; instead, it was spawned
from a mid-crustal shear zone, the top of which is preserved as a mylonitic front within Carboniferous
metasedimentary rocks in its exhumed lower plate. 40Are39Ar dating of siliceous volcanic rocks in basal
sections of now isolated supradetachment basins suggest that crustal extension began at ca. 127 Ma,
although lower-plate mylonitic rocks were not exposed to erosion until after ca. 119 Ma. Essentially1 0501; fax: þ1 213 740 8801.
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2 G.A. Davis, B.J. DarbyFigure 1 Location map of Daqing Sh
star); H Z Hohhot, B Z Baotou, bothsynchronous cooling of hornblende, biotite, and muscovite in footwall mylonitic gneisses indicates very
rapid exhumation and at ca. 122e120 Ma. Contrary to several recent reports, the master detachment
clearly cuts across and dismembers older, north-directed thrust sheets of the Daqing Shan foreland
fold-and-thrust belt. Folded and thrust-faulted basalts within its foredeep strata are as young as
132.6  2.4 Ma, thus defining within 5e6 Ma the regional tectonic transition between crustal contraction
and profound crustal extension.
ª 2010, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
China’s Sino-Korean (North China) Archean-floored craton is
a major element in the tectonic collage of eastern Asia. Prior to its
amalgamation with more northerly oceanic and continental tectonic
elements at the end of the Paleozoic, its Carboniferous northern
margin was an Andean-style orogenic belt developed above an
active subduction zone (Davis et al., 2001; Xiao et al., 2003; Zhang
et al., 2007, 2009b). Permian collisional amalgamation of the
Carboniferous arc with oceanic Mongolian terranes occurred along
the Suolon (Suolun, Solonker) suture. It was followed by volumi-
nous Late PermiandTriassic post-collisional magmatism (ca.
254e220Ma) and regional uplift and erosion of the former craton’s
northernmargin to depths of 15e18 km (Zhang et al., 2007, 2009b).
Uplift and erosion led to widespread exposure of an Archean to
Triassic basement crystalline complex by Early Jurassic time. There
is increasing evidence for Late Triassic to Early Jurassic (Indosi-
nian) crustal extension in the northern NCC, including the devel-
opment of ametamorphic core complexwithin the suture zone itself
(Davis et al., 2004) and widespread normal faulting to the south
within the collided margin (Darby et al., 2001; Davis et al., 2009;
Dong et al., 2008; Hu et al., 2009; Ritts et al., 2001; Ritts et al.,
2004; Yang et al., 2006).
Two Mesozoic fold-and-thrust belts lie south of the Suolon
suture zone and within the northern margin of the former craton.
They are the Yanshan belt to the east, and the Yinshan belt to the
west; the latter lies north of the Ordos block (Fig. 1) and is divided
into two segments, a western Lang Shan (Darby and Ritts, 2007)
and the eastern Daqing Shan; the latter is the subject of this paper.
Geologists have commonly discussed and illustrated the two beltsan study area in the Yin Shan (Mt
in Inner Mongolia, China.as defining a >1100 km-long orogen with a similar stratigraphic
and structural Mesozoic history (He et al., 1998, 1999). However,
this spatial and geologic correlation is complicated by a broad (ca.
100 km) Tertiary-covered interval between them, and by the fact
that the western Yanshan belt, or at least its southern portions,
clearly turns southwards and merges with a belt of Mesozoic
deformation in the northesouth-trending Taihang Shan east of the
Ordos block (Davis, 2005; Davis et al., 2001; Fig. 2).
2. The Daqing Shan
The Jurassic and Cretaceous history of the Daqing Shan
(Shan Z Mountains) is the focus of this paper, especially the
occurrence within the range of the Hohhot metamorphic core
complex (mcc) and the master detachment fault that has exhumed
its footwall mid-crustal rocks. Major rock units within the range
include Archean and Early Proterozoic basement gneisses, low-
grade Proterozoic metasedimentary rocks (mostly carbonates),
Cambrian-Ordovician carbonates, Carboniferous-Permian fluvial
clastics and coal, Early Jurassic (?) conglomerates, Late Jurassicd
Early Cretaceous foreland basin strata, and synextensional Early
Cretaceous supradetachment strata (Fig. 2). Granitic plutons are
abundant in the central part of the range and fall into two distinct
groups, Late Permian-earliest Triassic (ca. 260e240 Ma) and
Cretaceous (ca. 136e112 Ma); the latter typically have highly
discordant zircon populations that complicate their accurate dating.
Between Baotou and Hohhot, the southern margin of the
Daqing Shan is an active high angle, south-dipping normal fault
that separates the mountain range from the Hohhot segment of the
Cenozoic Hetao graben (Fig. 1; Wu et al., 1995). It wasns.) of North China. Beijing is located south of the Yan Shan belt (see
Figure 2 Simplified geologic map of Hohhot metamorphic core complex, Daqing Shan, Inner Mongolia. Figure is based on our mapping, 1997e2002 (with Zheng Yadong) and 2004 (with Brad
Ritts), and that of the Nei Mongol Bureau of Geology and Mineral Resources. DST Z Daqing Shan thrust, which is cut and dismembered by the younger Hohhot master detachment fault.
W Z Wuchuan; K Z Kouzishang.
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4 G.A. Davis, B.J. Darbypresumably responsible for the large (M > 6) 1929 Hohhot
earthquake southwest of the city. This range-front fault continues
eastward to at least the village of Donghongshankou north of
Hohhot (Fig. 2, ca. E 111 380). From Donghongshankou to
Wulanbulong (E 111 450) the range front is essentially the
exhumed, possibly reactivated, Cretaceous detachment fault
surface. It and its lower-plate mylonitic gneisses and Proterozoic
carbonate rocks dip southward at about 20e25. East of Wulan-
bulong, the detachment fault leaves the mountain front and enters
the range (Fig. 2). Here, Quaternary normal faulting again delin-
eates the front with well-exposed steep (w85) to shallow (w25)
SW-dipping normal faults that cut Quaternary terrace deposits and
underlying Cretaceous units. It is likely that this frontal zone of
youthful normal faults soles into and reactivates the shallow-
dipping detachment fault at depth. Well to the north, the Daqing
Shan’s northern margin is gradational into the lower, more
subdued topography of the Mongolian grasslands.3. Paleozoic and Early Mesozoic history of the
Daqing Shan
The Paleozoic geologic history of the Daqing Shan is poorly
known in the eastern range near Hohhot, but has been documented
by Darby et al. (2001) in the southwestern range, including the
large Shiguai basin east and northeast of Baotou. It begins with the
deposition of carbonate-dominant Cambro-Ordovician strata atop
Archean basement gneisses. Broad folding of this basement-cover
section and steep normal (?) faulting of it against Archean base-
ment occurred prior to Permian time, when conglomerates of that
apparent age (based on plant fossils in coal beds) were deposited
across both walls of the fault. Major late Paleozoic, pre-Early
Jurassic contractional deformation was responsible for the iso-
clinal folding of Cambro-Ordovician carbonates and Carbonif-
erous-Permian strata clastic strata and coal (Cope et al., 2005). Liu
et al. (2003) have reported a biotite 40Ar/39Ar plateau age (70%
39Ar release) of 193.7  3.9 Ma from a mylonitic granulitic gneiss
in the southern Daqing Shan at ca. 110 350 E. The sampled gneiss
lies above and “near” an apparent Indosinian north-directed thrust
and its biotite cooling age is interpreted as a thrust-related event;
Paleozoic strata constitute its lower plate.
Lower Jurassic clastic strata were deposited unconformably
across the folded basement in a basin or basins controlled by syn-
chrononous normal faulting (Darby et al., 2001; Ritts et al., 2001).
This terrestrial section has been dated by plant macrofossils in shales
and coal beds (Nei Mongol Bureau of Geology and Mineral
Resources, 1991) and by a diverse pollen flora (Ritts et al., 2001)
of probable Hettangian-Pliensbachian age (ca. 200e183 Ma). It and
its Archean basement were subsequently dramatically shortened in
a manner that produced eastewest-striking thrust and reverse faults,
both north- and south-vergent, that separated anticlinal uplifts of
basement gneiss from downwarped, locally subisoclinal, synclinal
basins (Darby et al., 2001). The timing of this Jurassic contractional
deformation is uncertain, but it was most likely synchronous with
northward thrusting of Precambrian crystalline and low-grade met-
asedimentary basement rocks in the eastern Daqing Shan (Fig. 2).4. The Daqing Shan foreland fold-and-thrust belt
Despite its close proximity to Hohhot, the capital of Inner
Mongolia, the Daqing Shan north of the city had received relativelylittle structural study prior to the 1990s. Early Jurassic coal deposits
in the southwestern part of the range closer to Baotou and including
the Shiguai basin, as discussed above, had been studied since the
1920s and had been shown to be bounded by Mesozoic thrust and
reverse faults with variable vergence (Wang, 1928a,b; Wang and
Yang, 1986a,b).
Regional geologic mapping of the mountain range north of
Hohhot was published in 1972, at a scale of 1:200,000. That map,
which includes the city of Hohhot, depicted a south-dipping thrust
fault between Precambrian rock units and lower-plate Permian and
Jurassic strata west of Hohhot and north of the Hetao graben.
However, farther north on the map the contact between the same
two rock assemblages was generally mapped as an unconformity.
Based on 1997 reconnaissance field studies in the area west of
Hohhot, the authors and Zheng et al. (1998) of Peking University
reinterpreted the variably mapped contacts as defining a regional
thrust fault, the Daqing Shan thrust, with a minimum displacement
to the northwest of ca. 22 km. Unbeknownst to us, Zhu (1997) of
the Institute of the First Regional Geological Survey, Nei Mongol,
had published a similar thrust fault interpretation of the contro-
versial contacts, as well as proposing a second thrust system
farther to the north and east.
During the 1990s, mapping by the Nei Mongol Bureau of
Geology and Mineral Resources established that the Daqing Shan
contains a number of crystalline thrust sheets that were displaced
northwards over various Paleozoic and Mesozoic stratigraphic
units. East of ca. 112 E, at least three crystalline plates lie above
undated clastic units that have been preliminarily mapped as
Jurassic in age (Chen et al., 2002). A south-directed Indosinian
thrust fault still farther to the north is not part of the Jurassic and
Early Cretaceous Daqing Shan fold-and-thrust belt; it cuts
Permian strata, but it is intruded by a Triassic (213 Ma) pluton
(Chen et al., op. cit.). Although not defined on Fig. 2, all of these
eastern thrust faults lie in the footwall of the south-dipping
Hohhot extensional detachment fault (see below).4.1. Deformational style of the fold-and-thrust belt
Previous publications have proposed that a Daqing Shan fold-and-
thrust belt was south-directed and that its associated Mesozoic
foredeep deposits had a northern provenance (He et al., 1998,
1999). However, thrust-related structures and abundant shear
sense indicators are varied, plentiful, and indicate with certainty
that the thrust belt was NW- to NNW-directed (Davis et al., 2002;
Zhu, 1997). Furthermore, sedimentologic studies document that
its JurassicdEarly Cretaceous foreland deposits had, as would be
expected, a southern provenance (B. Ritts, written communica-
tion, 2004). The age and character of these deposits are discussed
in a later section.
Still another major difference of opinion regarding the Daqing
Shan foreland fold-and-thrust belt is its structural style, i.e.
whether exposed thrust fabrics developed at high structural levels
and were largely brittle (this paper), or whether thrust faulting
occurred at levels deep enough that it was accompanied by
recrystallization of its wall rocks. Several recent papers on Daqing
Shan faulting have taken the latter view. Liu et al. (2003), Qi et al.
(2007) and Zhang et al. (2009a) report that thrust faulting was
accompanied by recrystallization and in some cases mylonitiza-
tion. For example, lower-plate rocks interpreted as lying below
Daqing Shan thrust faults have been variably reported as “phyllite,
metasandstone, metaconglomerate and slightly recrytallized
Figure 3 Enlarged map of western third of Fig. 2 with geologic cross-section AA0. See Fig. 2 for captions and map unit designations. Southern
portions of the Daqing Shan thrust plate, which lie structurally above the Hohhot detachment fault, are colored brown; portions of the thrust plate
that lie structurally below the Hohhot detachment fault are colored warm tan. Stars indicate locations of 40Ar/39Ar sample localities projected into
the cross-section. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
Early Cretaceous overprinting of the Mesozoic Daqing Shan fold-and-thrust belt 5marble, and . schist” (Qi et al., 2007, p. 6), and as greenschist
grade slate with syntectonic muscovite (Liu et al., 2003, p. 2736).
Our field observations and mapping do not support these
conclusions. The thrust faults we have observed represent high
level crustal deformation characterized by pervasive brittle
shearing, by folding and faulting of unmetamorphosed Late
Jurassic and Cretaceous foredeep deposits, and, in some areas,
intercalation of non-metamorphosed Mesozoic strata within
sheared allochthons of Precambrian metasedimentary and crys-
talline basement units. Exposures of the northwesternmost, and
lowest, thrust within the map area (Figs. 2 and 3AA0), illustrate
this structural style. The south-dipping (25) frontal fault of the
thrust belt at N 41 02.090, E 111 13.850, places a brittlely sheared
and fault imbricated allochthon of granitic gneisses and subordi-
nate marbles atop a section of Cretaceous redbed clastics. A
prominent layer of black gouge underlies the shattered upper plate
and defines the frontal fault (Fig. 4A). Some 400 m to the south,
its crystalline upper plate contains an obvious thrust imbrication
that is made evident by a thin (1e1.5 m) 125 m-long tectonic slice
of sheared conglomerate within it; fault striae within the alloch-
thon indicates its displacement to the northwest, generally N50W
5. Cretaceous footwall rock units range from crystalline-clastconglomerates through argillite; they typically dip north at angles
<25. This section is intruded to the north (N 41 06.930, E 111
10.450) by a small hypabyssal leucocratic stock with an aphanitic
texture and sanidine phenocrysts; it has an 40Ar/39Ar age of
124.5 Ma (Fig. 3; Table 1).4.2. The Daqing Shan thrust
The Daqing Shan thrust plate is the highest allochthon in the
foreland fold-and-thrust belt west and northwest of Hohhot
(Fig. 2). It carries an assemblage of crystalline and low-grade
Precambrian rock units, among them, in part according to Zhu
(1997), the Lower Archean Jining Group granulite, the Upper
Archean Wula shan Group, Proterozoic plutons, and Middle
Proterozoic Zha’ertishan Group marbles. Its lower plate includes
Carboniferous(?) metapelites and metasandstones, Early Jurassic
(?) carbonate clast conglomerates (Zthe Permian Naobaogou
Group of some earlier workers), Late JurassicdEarly Cretaceous
redbed conglomerates, sandstones and shales, and, locally, the
diverse basement units for these Mesozoic assemblages. West of
Wuchuan (W, Fig. 2) the northern edge of the Daqing Shan thrust
Figure 4 A. Exposure of northernmost south-dipping thrust fault in the Daqing Shan fold-and-thrust belt of Fig. 2; see Fig. 3AA0 for location.
Highly sheared Archean granitic gneiss is thrust northward along black gouge layer; lower plate includes brown gouge, and interleaved sheared
crystalline rocks and Cretaceous conglomerates not seen in the photograph. B. Sheared south-dipping sequence of Early Cretaceous redbed
argillites and sandstones capped by basalt in the lower plate of the Daqing Shan thrust. Shear displacement within the section is to the left (NNW).
C. Gouge-defined base of Daqing Shan thrust plate; upper plate rocks are brecciated Proterozoic metadolomites. D. View to NNWof large klippe
of Daqing Shan thrust plate (Fig. 3). Proterozoic metadolomite sits atop lower-plate Late (?) JurassicdEarly Cretaceous redbed clastics rocks of
the Daqing Shan foreland fold-and-thrust belt (Fig. 4B). The Hohhot detachment fault underlies the redbed sequence and separates it from yellow-
weathering carbonate clast metaconglomerates of Early (?) Jurassic age (see Fig. 6B). E. View to NE of Hohhot detachment fault near northern
end of the Cretaceous supradetachment basin crossed by the Hohhot-Wuchuan highway (ca. N 40 560). NW-dipping redbed sandstones and
conglomerates are truncated by the subhorizontal detachment fault. It is underlain by yellowish Proterozoic metadolomite microbreccias. They, in
turn, are underlain by dark gray to black phyllites and gouge of Carboniferous or Proterozoic age. The nature of the contact between these two
lower-plate rocks units is unknown, but a pre-detachment thrust fault relationship between them is favored. F. View to E of detachment fault in the
vicinity of N 40 56.70, E 111 20.30. As also seen at locality 4E, 16 km to the east, Cretaceous redbed clastic rocks in the upper plate of the
Hohhot fault overlie a lower-plate sequence of yellowish carbonate microbreccias and underlying gray phyllites. Person in yellow jacket for scale.
The folded detachment fault here dips 10e15 N. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article).
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Table 1 Daqing Shan Geochronology (this paper only).
Sample Lat. (N) Long. (E) Method Mineral Age (Ma)
Upper plate of the Hohhot detachment fault
07/23/00 41 02.6130 111 36.3510 AreAr Sanidine 125.7  0.6
07/26/00 41 03.2640 111 38.0980 AreAr Sanidine 125.8  0.6
07/20/01 40 56.4510 111 22.0410 AreAr Sanidine 125.5  0.7
07/21/01 40 57.4810 111 22.1290 AreAr Rhyolite, whole rock 127.2  1.0
07/24/01 40 50.5550 111 34.0870 AreAr Sanidine 125.2  0.7
7/6/01/4 40 52.2640 111 32.8070 AreAr Sanidine 119.2  0.6a
Lower plate of the Hohhot detachment fault
89-01 40 55.3660 111 42.2710 AreAr Biotite 121.4  0.75
90-01 40 55.3660 111 42.2710 AreAr Amphibole (Hornblende) 122.0  1.1
PRC-30 40 59.0720 112 04.9370 AreAr Biotite 118.0  0.9
04DS18 40 57.8040 111 50.4090 AreAr Biotite 121.7  0.8
04DS18 40 57.8040 111 50.4090 AreAr Muscovite 119.0  0.4
04DS19 41 02.8890 111 48.3390 AreAr Biotite 121.2  0.65
04DS19 41 02.8890 111 48.3390 AreAr Muscovite 122.0  0.8
PRC-18 41 080 111 460 UePb Zircon 119  2
PRC-28 41 00.50 111 50.50 UePb Zircon 112  2
PRC-30 40 59.070 112 04.940 UePb Zircon 136  4
7602-22 41 06.3930 111 10.4450 AreAr Sanidine 124.7  0.06
7602-34 41 00.9160 111 17.6090 AreAr Basalt, whole rock 135.5  1.25
04DS29 40 59.5720 111 13.7120 AreAr Basalt, whole rock 132.6  2.35
a Possible loss of radiogenic argon may give an age too young; just above Hohhot detachment fault.
Early Cretaceous overprinting of the Mesozoic Daqing Shan fold-and-thrust belt 7plate overrides clastic foredeep deposits as young as Lower
Cretaceous that have been sheared and imbricated by south-
dipping thrust faults (Figs. 3 and 4B and C). Basalt flows are
common within the folded sandstone and conglomerate section.
One flow (N 40 59.5720, E 111 13.7120) has yielded a whole
rock 40Ar/39Ar isochron age of 132.6  2.35 Ma; another flow (N
41 00.9160, E 111 17.6090) yields an isochron age of
135.5  1.25 Ma (Table 1). The identification of the basalts as
flows, rather than sills, is confirmed by the frequent occurrence of
basaltic cobbles and small boulders in overlying conglomerates.
The frontal crystalline thrust plate described above is cutoff to
the south by a well-exposed regionally important normal fault that
dips southwards (w45; N 41 01.840, E 111 14.220). This fault
drops structurally higher sections of Jura-Cretaceous foredeep
clastic strata and interbedded basalt flows down against the
basement allochthon. We estimate the stratigraphic throw on this
post-thrusting fault to be at least 2 km (Fig. 3AA0). The folded and
thrust-faulted foredeep section constitutes the lower plate of the
Daqing Shan thrust. We have indentified no indications of
recrystallization of upper plate or lower-plate units adjacent to this
major thrust. Its plate of Precambrian crystalline and metasedi-
mentary units is brittlely sheared, as is its Cretaceous footwall.
Footwall exposures of red argillite, disrupted sandstone beds and
sheared basalt seen in Fig. 4B (N 40 59.360, E 111 13.540) are
representative of the brittle style of deformation below the Daqing
Shan thrust. The gouge-defined main thrust contact is exposed in
the near vicinity (N 40 59.770, E 111124.050; Fig. 4C).
The complexity and high structural level of Daqing Shan thrust
faulting is similarly well displayed beneath a klippe of Proterozoic
dolomite in the northwestern part of the thrust belt (N 40 55.490,
E 111 17.160, elev. ca. 1855 m). Here, the Daqing Shan thrust lies
within a 100 m-thick section of brittlely sheared lithologies in
both its upper and lower plates. The top of this sheared section is
a sharp fault atw1770 m elevation, which underlies the dolomiteklippe. The floor fault of the thrust-related shear zone lies at
w1670 m elevation, where it truncates and transposes a thick,
WSW-inclined footwall section of interlayered gray sandstone and
red argillite (N 40 55.230; E 111 17.860). This floor fault is
overlain by 30 m of sheared redbeds and a higher 10 m-thick slice
of quartz pebble and cobble conglomerate. The main thrust, at
w1710 m elevation, is overlain by a 35 m-thick, steeply inclined
and SE-dipping section of foliated blue-gray marble and mafic
greenschists and still higher tectonic slices of the quartzite clast
conglomerate and overlying muscovite schist. There is no
evidence of any recrystallization related to thrust faulting.
4.3. Daqing Shan thrust complexities
What was not known to us at the time of Zheng et al. (1998) and
a 1998 Hohhot conference on Daqing Shan thrust faulting
convened by Davis and Zheng, was that the “continuous” Daqing
Shan thrust we had mapped in reconnaissance is dismembered by
a subparallel Cretaceous low-angle normal fault, the master fault
of the Hohhot metamorphic core complex. Recognition of the
Hohhot detachment fault system (see below) required subsequent
(1999e2002, 2004) reassessment of the true extent of Daqing
Shan thrust faults mapped by Bureau geologists, proposed by Zhu
(1997), Zheng et al. (1998), and subsequently by Qi et al. (2007)
and Zhang et al. (2009a). Because the thrust belt has been cut
discordantly at a small angle by the south-rooting Hohhot
detachment fault, portions of the belt now lie in both the hanging
wall and the footwall of the detachment system (Figs. 2 and 3).
The clearest example of the cross-cutting relationship between
older Daqing Shan thrust faults and the younger extensional
Hohhot detachment fault is present in the western part of the map
area (Fig. 3). Here, the low angle, south-dipping Daqing Shan
thrust has been offset by the slightly steeper Hohhot normal fault
(Fig. 3AA0). The two low-angle faults d the older thrust and the
8 G.A. Davis, B.J. Darbyyounger detachment fault below it are illustrated in Fig. 4D. It is
a view to the NNE of a large klippe of resistant Precambrian
metacarbonate rocks (Fig. 3) lying above Jura-Cretaceous redbed
clastics of the thrust belt’s foredeep. The foredeep deposits, in
turn, lie above the Hohhot master detachment fault, which in this
view separates the redbeds from yellow-weathering carbonate
clast metaconglomerates below the detachment fault. The 1972
1:200,000 map sheet of this area did not recognize this contact;
Zhu (1997, his Fig. 1) did, but he considered it to be an uncon-
formity between Jurassic clastic strata and underlying meta-
conglomerates of the Upper Permian Naobaogou Group. Given
evidence of syn-depositional normal faulting within the low-grade
conglomerates we believe an Early Jurassic age for them is more
likely (Ritts et al., 2001, their Figs. 8 and 10).
Although two faults are present on the south side of the large
klippe, there is only one on most of its steep eastern side d the
detachment. From the locality of Fig. 4D, it propagated northward
and upwards across the redbeds and the overlying Daqing Shan
thrust (Fig. 3). A small remnant of the thrust and its lower-plate
redbeds are preserved at the northeastern corner of the klippe where
both faults are present. Farther north, the Daqing Shan thrust lies
below the detachment fault and a supradetachment CretaceousFigure 5 I. Cross-sections BB0 and CC0 of Fig. 2 illustrate the Daqing S
north of it, and the north-dipping Hohhot mylonitic front. II. Synextensiona
the Hohhot master detachment fault. Reversal of the initial SE-ward dip o
abandonment of the northern fault. III. Ramping upward of the Hohhot deta
explain the geometry of discordant lower-plate mylonitic foliation seen i
across the top of its ductile shear zone occurred northwest of III and was
folding of the detachment fault ramp (III) led to different positions for the
by the reversal of lower-plate foliation dip (BB0, CC0); see also Fig. 8.basin above it (Fig. 3). Thus, the upper plate of the Daqing Shan
thrust lies in the footwall of the Hohhot fault in northern areas, but
above it in areas to the south (Davis et al., 2002; Fig. 3AA0). This
relationship was not recognized on the 1972 1:200,000 map, or in
the various reinterpretations of that map by Qi et al. (2007, p. 179,
their Fig. 1), Zhang et al. (2009a, their Fig. 1), Zheng et al. (1998),
and Zhu (1997). To further complicate matters, the latter two papers
present the fault geometry proposed by Zheng et al. (1998), rather
than the revised fault geometries mapped and described by the same
authors in Davis et al. (2002).
In the southwestern map area (Figs. 2 and 3) the subparallelism
of the two faults d older thrust and younger detachment d
complicates recognition of the detachment fault. The older-over-
younger juxtaposition of strata along the Daqing thrust is obvious
(Fig. 4D), but the structurally lower, younger over older juxta-
position of Jura-Cretaceous redbeds over Early Jurassic(?) meta-
conglomerates could be, and was, interpreted as an unconformity
(Zhu, 1997). It is not, as the intense shearing of redbeds above the
detachment fault and the recrystallization of conglomerates below
it demonstrates.
Shear sense indicators and footwall rock associations are
critical in determining whether a low-angle fault in the Daqinghan antiform, the two stacked splays of the master Hohhot detachment
l growth of the Daqing Shan antiform led to the progressive warping of
f the master fault as the antiform developed led to two generations of
chment across its parental mid-crustal ductile shear zone is required to
n Fig. 5BB0 and CC0. Additional upward ramping of the detachment
responsible for formation of the mylonitic front (CC0). IV. Subsequent
hinge of the fault-defined Daqing Shan antiform and the hinge defined
Figure 6 A. Typical mylonitic gneiss in the footwall of the Hohhot detachment fault with top to the left (to the SE) sense of shear. B. Carbonate and
crystalline-clast metaconglomerate with phyllitic matrix in the lower plate of the Hohhot detachment fault (location in text). This outcrop of Early (?)
Jurassic conglomerates is within 10m of the overlying detachment. It exhibits moderate carbonate clast flattening and crystalline-clast stretching. These
strain effects and the detachment fault-related foliation weaken downwards and are absent ca. 20e25 m below the fault. C. Low-grade Carboniferous
clastic strata above the Hohhotmylonitic front at N 41 08. 6490, 111 46.3810. The folded subvertical bedding has a shallowN-dipping (10) axial plane
surface. In the darker, finer grain layers on the left of the figure (see Fig. 6D), a distinct axial planar cleavage is developed. D. Axial plane cleavage in
Carboniferous metasedimentary rocks. The strength of this fabric increases downwards through the mylonitic front transition, as does the degree of
recrystallization and transposition (Fig. 6E). E.Hill-top exposure of planar foliation in transposedCarboniferousmetasedimentary rockswith nodetected
grain elongation (N41 09.9310, E 111 54.6320). Foliationdips 20N.Outcrop lieswithin themylonitic front transition, 40e50mabove and 100mnorth
ofwell foliated clastic rockswith 20 dip toN30 E, localized strongS/C fabric relationships (top to SE), and slightly elongate (S 55 E) granitic pebbles
F. Carboniferous (?) mylonitic schists below the Hohhot mylonitic front with strong stretching lineation and SE-ward sense of shear. These outcrops are
not in continuity with the exposures of Fig. 6CeE, but closely resemble confirmed Carboniferous schists below the mylonitic front transition.
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extensional detachment fault. In our opinion, the two fault
generations have very distinctive deformational features. As dis-
cussed above, the older, high level Daqing Shan thrust plate
overrides Jura-Cretaceous foredeep deposits and its deformational
style is one of brittle shearing and disruption of upper- and lower-
plate rocks next to the fault (Fig. 4B and C). In contrast, the
younger crosscutting Hohhot fault has an exhumed footwall that
was transported upwards beneath the fault plane from significant
crustal depth and which exhibits variable mylonitic (crystal-
plastic) and non-mylonitic low-grade recrystallization throughout
much of the Daqing Shan.
5. The Hohhot metamorphic core complex
Metamorphic core complexes of Cretaceous age in northern China
were first recognized north of Beijing in the Yunmeng Shan of the
Yanshan orogen (Davis et al., 1996a,b; Davis et al., 1991; Davis
and Zheng, 1988). Other complexes were subsequently recog-
nized in an eastewest belt within the northern margin of the North
China blockd from the Bei Shan in the west (Zheng et al., 1991)
to the Liaodong peninsula near North Korea in the east (Liaoning
Bureau of Geology and Mineral Resources, 1994. Report of
1:50,000 scale geological mapping for the SanshilipudJinzhou
areas [unpublished report in Chinese]; Liu et al., 2005; Yin and
Nie, 1996). Darby et al. (2004) has discussed the regional devel-
opment of extensional core complexes recognized throughout
eastern Asia as of 2004. The Hohhot mcc had not been recognized
in the Daqing Shan at the time of mapping in the 1990s by the Nei
Mongol Bureau of Geology and Mineral Resources. That recog-
nition came about in May of 1998, when Zheng Yadong and the
authors organized a field conference in Hohhot to study the
Daqing Shan thrust and its regional tectonic implications (Zheng
et al., 1998. Yinshan-Yanshan major thrust and nappe structures
field conference guidebook [unpublished], Hohhot, Nei Mongolia,
23 pp.). During a conference field trip, Zhu Shenyu of the Bureau
suggested that a Cordilleran-style mcc was present northeast of
Hohhot. His suggestion was confirmed in 1999, when Wei
Guangliang, also of the Bureau guided us to a number of critical
field localities. Thus, the Bureau, and especially Zhu Shenyu,
deserve full credit for the discovery of the Hohhot core complex.
5.1. The Hohhot master detachment fault
As is characteristic of other Cordilleran-style metamorphic core
complexes (Davis and Lister, 1988; Lister and Davis, 1989),
significant crustal extension in the Daqing Shan was accomplished
by a single master detachment fault, named for Hohhot, the nearby
capital of Inner Mongolia (Figs. 2, 4E and F). This south-rooting
low-angle normal fault (10e30) has an along-strike length of at
least 150 km and was responsible for exhuming a mid- to upper
crustal assemblage of plutons and thrust fault-bounded rocks units
that originally lay at depth to the south of the present mountain
range. In its central exposures (ca. E 111 250 to ca. E 112 100)
the detachment fault separates lower-plate mylonitized Early
Cretaceous to Archean crystalline and metasedimentary rocks
from a brittlely deformed upper plate of pre-Jurassic basement
rocks and overlying supracrustal Cretaceous clastic strata
(Fig. 5BB0 and CC0). The thickness of fault-related mylonitic
rocks in this central area is in excess of 3e4 km, but thins both to
the east and west. Lower-plate mylonitic gneisses arecharacterized by gently-dipping foliations and NW-SE stretching
lineations (19 measurements below the frontal fault east of Hohhot
have an S 47  7 E trend and an average plunge of 15).
Abundant kinematic indicators in the mylonitic sequence
demonstrate consistent top-to-the-SE relative displacement
(Fig. 6A).
Although feldspar grains in mylonitic gneisses below the
detachment were brittlely deformed, the ductile deformation of
quartz in these rocks indicates their intracrustal deformation at
temperatures near or in excess of 300 C. Thick footwall sections
of Proterozoic metadolomites are present in some areas. They
exhibit extensive brecciation comparable to the microbreccias and
chloritic breccias of other mcc’s; tension cracks in these brittle
rocks are consistent in indicating SE-ward displacement of the
overlying detachment fault’s hanging wall.
Non-mylonitic, upper crustal Permian and Proterozoic crys-
talline rocks overlie the detachment fault and its footwall mylo-
nitic assemblage for approximately 30 km in the NW-SE direction
of crustal extension (Figs. 2 and 5). In addition, the higher, more
localized detachment splay north of the Daqing Shan antiform
(Fig. 5BB0 and CC0) contributed additional slip between its trun-
cated, steeply dipping Early Cretaceous strata and the underlying
non-mylonitic basement assemblage. Because all of the stacked
detachments exhibit down-to-the-southeast displacements, we
estimate a total horizontal component of NW-SE extensional slip
across the master fault and its older northern splays of >40 km.
Mylonitic rocks are absent in easternmost and westernmost
lower-plate areas of the mcc, an indication that displacements on
the master detachment fault in these areas were not great enough
to bring ductilely deformed mid-crustal footwall rocks to the
surface. Nevertheless, these non-mylonitic footwall rocks typi-
cally display various degrees of recrystallization and foliation
development. For example, Early Jurassic (?) metaconglomerates
of lower greenschist grade underlie the Hohhot fault in the wide
vicinity of the big klippe (Figs. 3 and 4D) and are penetratively
deformed beneath the detachment (Fig. 6B). The majority of its
cobble-sized clasts are white marble, although basement gneisses
are abundant. Flattened carbonate clasts lie within a shallow
(10e15) S-dipping phyllitic matrix. This fault-related foliation is
essentially parallel to bedding. It’s intensity of clast flattening and
stretching decreases downwards for several tens of meters. Slicken
lines at N 40 49.380, E 111 13.500, specifically “hot striae”, are
common on the surfaces of the larger cobbles and have a consis-
tent southeastward trend (S 54 E  8), closely parallel to the
stretching lineations of footwall mylonitic rocks elsewhere.5.2. Geometry of the Hohhot detachment fault
There is convincing evidence for structural control on the mid-
crustal localization of large areas of the Hohhot detachment fault.
In widespread exposures of the fault within the area of Fig. 2,
including those north of Hohhot (Fig. 4E) and west of Wuchuan
(Fig. 4F), its uppermost footwall units comprise a distinctive
lithologic pair d commonly a thin (<2e5 m) orange-weathering
Proterozoic dolomitic microbreccia and an underlying highly
sheared section of black phyllonitic metapelites. If the gouge-like
metapelites are Carboniferous, as we favor from relationships
across the lower-plate mylonitic front (see below), the contact
between the two footwall rock types is a pre-existing Proterozoic
over Carboniferous thrust fault within the Daqing Shan thrust belt.
Whether or not this is the case, the widespread subparallelism of
Figure 7 Concave, SSW-plunging corrugation of the Hohhot fault near the village of Kouzishang (K, Fig. 2). Mapping by the Nei Mongol
Bureau of Geology and Mineral Resources of older, non-folded, EeW striking thrust faults north of the detachment and below it in this area
supports our corrugation interpretation.
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beneath it and the Daqing Shan thrust plate above it in south-
western areas (Figs. 2 and 3AA0) is instructive. It suggests that this
mid-crustal extensional detachment developed largely within
Paleozoic or Proterozoic metasedimentary rocks that lay between
Daqing Shan thrust plates of Late (?) Jurassic to Early Cretaceous
age. An important exception northeast of Hohhot, where the fault
cuts across a Cretaceous pluton, is discussed below.
The direction of extension within the Hohhot mcc is defined in
several ways, the most direct being the orientation of striae (slick-
enlines) on the master fault surface and stretching lineations in its
footwall mylonitic rocks. Mention has been made that stretching
lineations beneath the south-dippingmaster fault northeast ofHohhot
have regionally typical trends of S 47  7 E and an average plunge
of 15. Thirty kilometers NW of Hohhot, the master detachment is
well exposed beneath a Cretaceous supradetachment basin (Figs.
3AA0 and 4F). Striae on the detachment surface have shallow plunges
to bothNWandSE; 27measurementswithin a significant area give an
average trend of N 41 WdS 41 E with a range of 16; fault
surface steps and tension cracks in footwall carbonate microbreccias
indicate hanging wall displacement to the SE.
The less reliable indicators are large-scale, lineation-parallel
to -subparallel, fold-like geometries of the master detachment,which we interpret as primary corrugations in the detachment
(Fig. 2), not secondary folds (Davis et al., 1993, their Fig. 2; Davis
and Zheng, 2002; Livaccari and Geissman, 2001). The geometry
of mature or evolved mcc detachment faults is not simple. Many
such faults have a curviplanar geometry with apparent antiformal
and synformal hinges oriented parallel to the extension direction.
This geometry is sometimes interpreted as due to syn- or post-
extension folding of the detachments (e.g. Avigad et al., 2001;
Fletcher and Bartley, 1994). However, geologic relationships in
the upper and lower plates of some detachment faults in the
southern U.S. Cordillera indicate that the “folds” are primary
corrugations or flutes in the detachment fault surfaces that trend
parallel to the direction of fault slip. For example, planar Meso-
zoic thrust faults in the footwall of the Miocene Kingston Range-
Halloran Hills detachment are cut by the corrugated fault (Davis
et al., 1993, their Fig. 2). The wavelength and amplitude of
detachment fault corrugations are variable. Wavelengths can vary
from hundreds of meters to several tens of kilometers; amplitudes
can range from 1 to 200 m to more than 1 km (John, 1987). Dips
on the flanks of the corrugations range from a few degrees to as
much as 40. Paleomagnetic analysis of mcc footwall rocks on the
flanks of one of the extension-parallel antiforms in the Lower
Colorado River region reveals that the complex has not been
Figure 8 Diagrammatic tectonic map of the Hohhot mcc east of Hohhot in the general areas of Fig. 3BB0 and CC0 cross-sections. The diagram,
along with Fig. 5, explains why the detachment fault’s lower-plate mylonitic foliation dips northwards in some areas on the south flank of the
synextensional Daqing Shan antiform.
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is a primary corrugation (Livaccari and Geissman, 2001).
Because of their breadth, the trends of the Hohhot corrugations
cannot be measured directly. General map relationships (Fig. 2)
suggest trendsd with respect to the SE quadrantd of S 35e40
E. Three SE-plunging concave corrugations on the south side of
the Daqing Shan are defined by Cretaceous supradetachment strata
within them and above the Hohhot master fault (Fig. 2). They are
separated by intervening convex corrugations of footwall exhumed
middle crustal rocks. The broadest concave corrugation of the
Hohhot detachment is present near the village of Kouzishang near
the eastern edge of Fig. 2. The detachment fault there exhibits
a pronounced curviplanar geometry, with a marked change in
strike from wN 20e25 E, 288 SE on its northwestern flank
towN 50 W, 35 SW on its northeastern flank (Fig. 7). Striae on
footwall carbonate microbreccias southwest of the village trend S
57  10 E and plunge at low angles (w20). They are essen-
tially co-linear with the stretching lineations in mylonitic portions
of the lower plate (not present at Kouzishang). Our interpretation
of this trough-like Hohhot structure as a primary corrugation is
supported by the more planar geometry of a major south-dipping
thrust fault within Precambrian units a kilometer or so north of
Kouzishang (Fig. 7). It is difficult to imagine that the higher
detachment fault could have been folded synformally, whereas the
older, south-dipping thrust fault in its footwall was not.
The geometry of the master detachment fault with the area of
Fig. 2 is further complicated by ENE-WSW-trending folds thatwarp the corrugations and formed in part synchronously with mcc
extension. The core complex is divided into southern and northern
portions by the major EeW trending Daqing Shan antiform
(Fig. 2). Abundant kinematic indicators in the lower-plate mylo-
nitic rocks on both flanks of the antiform demonstrate a consistent
top-to-the-SE sense of shear. Three lesser folds, a syn-
formeantiformesynform assemblage, lie progressively north of
the Daqing Shan antiform. Two stacked detachment faults, early
splays of the master Hohhot detachment, lie north of the antiform
and are synformally folded (Fig. 5BB0 and CC0). The lower of the
two detachments separates lower-plate mylonitic rocks from
higher, non-mylonitic crystalline rocks d primarily granitoid
gneisses of Proterozoic (w1880 Ma, w2200 Ma) and Permian
(w240e260 Ma) initial ages. The higher of the two detachment
faults carries allochthonous folded and faulted Early Cretaceous
volcanic and sedimentary strata (see below).
We believe that the two northern detachment faults constitute
proof of the structural evolution of the master detachment system.
The single Hohhot detachment fault to the south of the Daqing
Shan antiform is the master fault, whereas the folded faults to the
north are earlier splays (lowermost the oldest) that were active for
only part of the core complex’s evolution. As the Daqing Shan
antiform developed, continuing normal fault slip on the SE-root-
ing master detachment was only possible on the south-dipping
flank of the fold, thus leading to the successive abandonment of
the older, progressively folded northern splays (Fig. 5). Reasons
for the common and partly synchronous folding of extensional
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remain highly controversial, but the existence of such transverse
fold structures has been documented in mcc’s worldwide (e.g.
Lister and Davis, 1989).
There is an interesting complication in the geometry of the
lower-plate mylonitic foliation that is warped across the hinge of
the Daqing Shan antiform. In the area crossed by Fig. 5CC0 and at
a longitude of ca. 111 58.70, a paved road to the north crosses the
southern flank of the antiform. The road traverses a thick section
of mylonitic rocks that dips at low angles to the northwest and is,
therefore, discordant with respect to the SSE-dipping detachment
fault (Fig. 8). S/C fabrics in these rocks indicate the characteristic
top-to-the-SE shear sense of the Hohhot lower plate. Our expla-
nation for this geometric relationship is that at sometime prior to
the folding of the antiform the master detachment fault had
propagated upwards (ramped upwards) across a previously formed
mylonitic sequence (Fig. 5-III). Because of the pre-folding ramp,
the hinge of a foliation-defined change in dip in this central area is
not coincident with the detachment-defined hinge of the regional
antiform (Figs. 5CC0 and 8).
Along its strike to the west, the master Hohhot detachment
fault is last present at the southern range front at the village of
Donghongshankou, north of Hohhot (N 40 53.50, E 111 380).
From here, its surface trace turns to the northwest on the eastern
limb of another major trough-like corrugation (Fig. 2). As seen on
Fig. 2, that corrugation contains Cretaceous supradetachment
strata (see below), but its western boundary fault does not return to
the range front as recently mapped (Zhang et al., 2009a). Before
reaching the front, the master fault changes strike to the northwest
and, thus, defines a SE-plunging antiformal corrugation. We have
mapped three windows through upper plate gneisses, marbles, and
other metasedimentary rocks of the upper plate in this vicinity
(Fig. 3), within which are exposed mylonitic gneisses and duc-
tilely deformed marbles of the Hohhot lower plate.
Not far to the west along the range front are exposures of
folded and faulted sandstone and conglomerate strata previously
assigned to the “Cretaceous” Lisangou Formation (Zhu, 1997).
We have studied this unit only in brief reconnaissance and its
depositional age is unconfirmed. Unlike the Early Cretaceous
supradetachment basins studied by Ritts et al. (2009), see below,
contractional structures within the formation include a major W-
trending and plunging anticline (276 at ca. 15; wN 40 46.810,
E 111 19.230), several parallel reverse faults, and conjugate NW-
and NE-striking strike-slip faults; several anticlinal folds west of
the locality cited above are asymmetric, with northern limbs
steeper (up to 80) than southern. The possibility exists that these
structures are an indication that the Lisangou clastic rocks should
be included with the foreland fold and thrust-related sediments
discussed above.
We note that this clastic section now lies within a half-graben
with a range-front length of approximately 15 km (Fig. 3),
a setting that favors it’s origin as an extension-related supra-
detachment basin d albeit an anomalous one d but only it
normal faulting postdates the contractional structures described
above. Its strata, cut by multiple south-dipping normal faults, lie in
the hanging wall of a major, south-dipping normal fault that is
well exposed along a road leading to the village of Dianshang (N
40 47.60, E 111 19.70). The normal fault at this locality strikes N
75e80 E and dips approximately 25 to the south. Strata that dip
steeply northwards into the fault and its Archean footwall rocks
(Zhu, 1997) have dips that shallow abruptly near it. We, thus,
believe it likely that this fault has a listric geometry and that itmay flatten into the Hohhot master detachment near the southern
end of the three windows mentioned above (Fig. 3AA0). If so, it is
possible that had extension continued in Cretaceous time, this
major normal fault in the upper plate of the master detachment
might have become the 4th generation of Hohhot fault develop-
ment and displacement. The tectonic setting of the Lisangou
Formation is clearly deserving of additional study.5.3. Synextensional supradetachment basins of Cretaceous
age
There are two distinct Mesozoic sequences of clastic strata within
the map area of Fig. 2. The oldest is the Late (?) Jurassic to Early
Cretaceous assemblage of sandstones and conglomerates that
constitute a foredeep for north-directed thrust plates including the
Daqing Shan thrust plate proper. This assemblage is best
preserved across the western map area beneath the Daqing Shan
thrust (Fig. 3), and may include the Lisangou Formation just
described. As mentioned previously, this folded and thrust-faulted
section had a southern provenance. It contains folded basalt lava
flows as young as 132.6  2.35 Ma (see above), a clear indication
that contractional deformation continued into the Early
Cretaceous.
A second and younger assemblage of Cretaceous clastic strata
has a more widespread distribution across the study area and is
preserved on both sides of the Daqing Shan antiform (Figs. 2 and
3BB0 and CC0). In previous studies of the Daqing Shan both
Mesozoic assemblages were collectively referred to as the Jurassic
Daqing Shan Formation (He et al., 1998, 1999) and erroneously
correlated with the Tuchengzi Formation of the Yanshan belt (see
discussion in Davis, 2005). As discussed by Ritts et al. (2009),
these Early Cretaceous sedimentary and volcanic rocks are found
within the area of Fig. 2 in six, now structurally separated
“basins”. The basins were controlled in their original distribution
by the concave corrugations of the Hohhot detachment fault. Their
present distribution, however, reflects both the corrugation
geometries and their subsequent modification by the Daqing Shan
antiform and the lesser, but parallel folds north of the antiform
(Fig. 2). All of these Cretaceous sections lie in the upper plate of
the evolving Hohhot master fault (Fig. 5). Their strata are
generally in strongly discordant fault contact with the underlying
fault (e.g. Fig. 4E), although at two localities Cretaceous strata lie
nonconformably on upper plate Precambrian basement rocks d
north of the village of Wusutu, about 5 km west of Hohhot, and
farther east near the southern end of Fig. 3BB0.
Ritts et al. (2009) have described in great detail the stratig-
raphy, lithology and evolution of these supradetachment Creta-
ceous sections (a tectono-stratigraphic setting originally proposed
by Friedmann and Burbank, 1995). Preserved sections have
maximum thicknesses of about 1200 m. Their lower parts are
characterized by coarse clastic sediments, including debris flows,
rocks avalanches, landslide blocks (mostly carbonate and up to
2 km in length), and alluvial fan deposits d all derived from the
lower plate of the Hohhot detachment. The lower sections are
well-dated by interbedded, predominantly siliceous volcanic rocks
that yield consistent Early Cretaceous 40Ar/39Ar sanidine ages
ranging from ca. 127 to 125 Ma (Davis et al., 2002; Table 1).
Higher sections define an integrated basin filled by conglomeratic
fluvial and sheetflood deposits. Sediment transport was consis-
tently southward (SW, S, and SE). Plutonic clasts dominate all
sections, but higher sections contain an increasing percentage of
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deformation and erosion. Mylonitic clasts appear in the highest
levels (upper 200 m) of the southern synformal basin northeast of
Hohhot, and document the initial exposure and erosion of the
mylonitic footwall of the master fault during its exhumation.
Sedimentation within the supradetachment sections was accom-
panied by high- and low-normal faulting, with the resulting
development of intraformational unconformities and complex
basinal geometries. Moderate to steeply dipping supradetachment
strata are commonly truncated downwards by the underlying
detachment faults. It is noteworthy that none of the sections are
cut by, or contain, thrust faults. Ritts et al. (2009, their Fig. 8)
present detailed evidence that the lower parts of the Cretaceous
sections on both sides of the Daqing Shan antiform, were origi-
nally continuous (Fig. 3BB0, inset), but evolved separately
following the development of the antiform and the cessation of
slip along the “dead” detachment fault north of it.
In summary, there are two distinctive Middle Mesozoic, non-
marine stratigraphic sequences in the Hohhot area Daqing Shan.
Their only common feature is that both are primarily sandstones
and conglomerates. The oldest sequence, with dated Early
Cretaceous strata as young as 132 Ma (Table 1), was deposited
and deformed synchronously during formation of the north-
directed Daqing Shan fold-and-thrust belt. The provenance of
these sediments was the thrust belt to the south. Sedimentation in
higher parts of the section was accompanied by sparse basaltic
volcanism. In marked contrast, the younger of the two sequences
was deposited in a synextensional environment present only
within the upper plate of the evolving Hohhot mcc. Siliceous
volcanism was voluminous in the early history of the supra-
detachment basins and is well established by Ar/Ar dating as
initiating at about 127 Ma (Table 1). The provenance of these
Cretaceous sediments was the lower plate (footwall) of the Hohhot
master detachment fault and sediment transport was southwards.
A footwall source is confirmed by the presence in this sequence
(and not in the older foredeep deposits) of large slide blocks of
footwall Proterozoic carbonate rocks and by the appearance in
higher stratigraphic sections, south of the Daqing Shan antiform,
of Cretaceous mylonitic rocks derived from the detachment’s
footwall.5.4. Age of the Hohhot metamorphic core complex
In general concert with regional extension throughout much of
northeastern Asia (Darby et al., 2004), eastern Daqing Shan
crustal extension and presumably the initiation of the Hohhot fault
began at ca. 127e125 Ma. This determination is largely based on
the similarity of sanidine-based Ar/Ar ages of silicic volcanic
rocks in basal sections of 3 of the now separate Daqing Shan
supradetachment basins (Table 1). However, lower-plate mylonitic
rocks did not reach the earth’s surface until several million years
later. Mylonitic clasts are present only south of the ENE-trending
Daqing Shan antiform in upper levels of the youngest Cretaceous
section northeast of Hohhot (Ritts et al., 2009). Seven 40Ar/39Ar
samples have been analyzed from mylonitic units in the footwall
of the Hohhot detachment fault on the south flank of the Daqing
Shan antiform (Table 1). Two samples, 89-01 (biotite) and 90-01
(hornblende) were collected within 40 m of each other and
w250 m below the Hohhot detachment (Fig. 10); they have been
projected along strike into Fig. 5BB0. These two minerals yielded
indistinguishable 40Ar/39Ar ages d 121.4  0.75 Ma (biotiteisochron) and 122.4  1.09 Ma (hornblende plateau age) d
suggesting that cooling of the mcc lower plate during its exhu-
mation, from >500 to less than 350e300 C (McDougall and
Harrison, 1999), was very rapid. This conclusion is bolstered by
nearly identical Ar/Ar determinations from other mylonitic rocks
on the south flank of the Daqing Shand also projected into cross-
section 5 BB0 (Fig. 5). These include two biotite (121.7  0.8 Ma,
121.2  0.65 Ma) and two additional muscovite ages
(121.3  0.8 Ma, 119.0  0.4 Ma).
Field relationships in more northern areas of the range also
document waning footwall mylonitization at 119 Ma, a conclusion
that requires that the Daqing Shan antiform did not develop until
after this timed because the antiform reversed dip on the active,
south-dipping, south-rooting detachment fault. Carboniferous
metasandstones and metasiltstones in the northern part of our map
area (N 41 09.750, E 111 41.370) are intruded by a small, fine-
grained leucocratic pluton and dikes. This Cretaceous stock
(UePb zircon Z 119  2 Ma; Table 1) is located 2e3 km south
of the northern end of cross-section CC0. It largely intrudes
country rocks within the transitional mylonitic front (see below)
and possesses a distinctive shallow-dipping, but non-penetrative
mylonitic fabric. Its hornfelsed contact metamorphic aureole is
phyllitic with a shallow-dipping foliation coplanar with that in the
pluton. Some porphyroblastic spots in the phyllites are mildly
flattened and slightly stretched. However, cooler equivalent
country rocks outside of the aureole were not deformed. Thus, the
pluton and its country rock aureole were deformed late in the
kinematic and thermal history of the footwall of the Hohhot
detachment while still hot at ca. 119 Ma, but prior to Daqing Shan
antiformal folding of the detachment fault and the cessation of
detachment faulting on its northern, north-dipping flank.
On the basis of preserved structural and stratigraphic field rela-
tionships, and 40Ar/39Ar geochronology and thermochronology,
a conservative estimate of the lifetime of Hohhot extensional
tectonics is about 10 million years, from ca. 127 Ma to <119 Ma
(Daqing Shan antiform) plus time for the post-antiformal deposition
of strata within the southernmost supradetachment basins (Ritts
et al., 2009). The most active phase of footwall exhumation by the
master detachment fault appears to have been around 122e121 Ma
based on the condensed and closely similar cooling ages of horn-
blende, biotite, and muscovite in lower-plate mylonitic gneisses.5.5. The Hohhot mylonitic front
At about the latitude of the small 119 Ma pluton, ca. N 41 100, the
synformally-folded Hohhot fault dips gently to the south (Figs. 2
and 3BB0 and CC0). Recent workers (Qi et al., 2007; Zhang et al.,
2009a) consider this fault to be the north-directed HMD thrust
(HuangfuyaozidMajiasiandDeshengying) that carries Protero-
zoic and Permian plutonic rocks atop younger sedimentary or
metasedimentary strata. We disagree, believing that the geometry
of fabrics within the footwall mylonitic rocks of this detachment
fault indicates their top-to-the-southeastward sense of shear. The
juxtaposition of older rocks units above younger rock units is not
a reliable indicator of thrust faulting when low-angle extensional
dismemberment of a stacked sequence of thrust plates has
occurred.
The two papers cited above also show a more northerly, south-
dipping fault (the Daqing Shan thrust) that underlies their HMD
structure. Our mapping in the area of the presumed thrust has led
us to a different conclusion. We have found no south-dipping
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lower plate of the inferred HMD thrust of others. Instead, we find
that there is a low angle, north-dipping transitional zone between
mylonitized and strongly foliated Carboniferous metasedimentary
rocks and structurally higher metasandstones and meta-
conglomerates with preserved sedimentary structures as described
in Davis et al. (2002). This paleo-brittleeductile transition is ca.
100e150 m wide and represents a mylonitic front (Davis, 1988;
Davis and Lister, 1988; Lister and Davis, 1989), a thermally
controlled strain gradient within a metasedimentary Carboniferous
clastic section in the footwall of the Hohhot fault.
Exposures near Sheep Husband village (N 41 09.630, E 111
54.810) in the lower plate of the south-dipping Hohhot fault help
define the gently north-dipping mylonitic front transition
(Fig. 6E). Within the transitional “front” the degree of recrystal-
lization and deformation within the metasedimentary sequence
decreases upwards. In the lower part of the transition strongly
foliated metaconglomerates with stretching lineations (S 45
10) are interlayered with well-developed, north-dipping phyllites.
Higher in the transition zone, phyllites are interlayered with gritty
metasandstone and pebbly metaconglomerate that generally lack
strong foliation, but commonly have flattened and NW-SE elon-
gated pebbles. S/C fabric relationships, when present, are always
compatible with SE-directed shear. Bedding in low-grade sedi-
mentary rocks near the top of the transition zone is locally quite
steep and is increasingly well preserved. Some outcrops display
a variably developed low-angle axial plane cleavage for recum-
bent open folds (Fig. 6D; N 41 08.650, E 111 46.380); lineations
in the plane of cleavage trend and plunge northwards. We think it
likely that this subhorizontal cleavage becomes the transposed S-
surface of deeper metasedimentary rocks that exhibit SE-vergent
S/C fabrics, both those that lie within the lower transition zone
(Fig. 6E) and those that lie below the mylonitic front (Fig. 6F).
We believe, as introduced above, that the Hohhot detachment
fault was spawned out of an extensional mid-crustal ductile shear
zone that was widely sandwiched between older crystalline thrust
sheets. The detachment fault propagated upwards across the ductile
shear zone leaving its higher portions at depth and carrying lower
mylonitic levels upwards in its footwall (Fig. 5). At still higher
structural levels the detachment fault ramped upwards across the top
of the mylonitic section and into overlying metasedimentary strata
above the mylonitic front.We estimate that the original cutoff angle
between the south-dippingHohhot detachment fault and its footwall
mylonitic front was approximately 25e30.Figure 9 Comparative versions of recent interpretations of the
structure and tectonics of the Daqing Shan fold-and-thrust belt and the
Hohhot mcc. The interpretations of Davis et al. (2002), and this paper
emphasize the dominance of extensional structures relative to older
thrust faulting. The interpretations of Qi et al. (2007), and Zhang et al.
(2009a), emphasize the dominance of thrust faulting over extensional
faulting of the same age. The stippled areas in both interpretations
represent Cretaceous sedimentary rocks d in the upper plate of the
Hohhot detachment (Davis et al., 2002), and in the hanging wall of the
range-front normal fault (Qi et al., 2007; Zhang et al., 2009a).6. Cretaceous magmatism in the Daqing Shan
One measure of the tectonic significance of the Hohhot detach-
ment fault is the difference in the extent and character of Creta-
ceous magmatism in its upper and lower plates. Within the upper
plate of Fig. 2, Cretaceous magmatism (ca. 127e124 Ma, Table 1;
Fig. 10) is represented only by siliceous volcanic rocks in the
lower part of the supradetachment basin(s) and by several small
hypabyssal stocks in the northwestern area. In contrast, Creta-
ceous granitic plutons are widespread in the lower plate of the
Hohhot fault northeast of Hohhot, especially within the core of the
Daqing Shan antiform (Fig. 2).
Mention has been made of structural and stratigraphic controls
for the geometry of extension within the stack of Daqing Shan
thrusts. These controls localized the mid-crustal ductile shear
zone, from which the master detachment fault propagated upwardsand northwards. However, such controls played no comparable
role in more eastern areas where the detachment fault cut through
the largest Cretaceous pluton in the core of the Daqing Shan
antiform. In the vicinity of Youfangying village (N 40 58.830, E
112 04.890) the Hohhot fault dips 20  5 southwards and
separates a footwall of brecciated mylonitized granodiorite from
a hanging wall of Proterozoic carbonate rocks. Fault-related cat-
aclasis and shattering of mylonitized footwall rocks extends at
least 40e50 m below the detachment. Still deeper (N 40 59.070, E
112 04.940), its mylonitic rocks exhibit extremely strong S/C
fabrics of ribbon-like quartz grains with a top-to-the-SE sense of
shear, a well-developed stretching lineation (S 54, E 5), and
foliation dips to the SSW of 25  5. Mapping by the Nei
Mongol Bureau indicates that the pluton occupies the entire core
of the Daqing Shan antiform between this locality and the latitude
to the north where the folded Hohhot fault dips north (Fig. 2).
Of considerable interest to the fault mechanics of the You-
fangying exposures of the Hohhot fault is the widespread occur-
rence of black, devitrified pseudotachylite at and near the top of
the lower plate, locally within a meter of it. We interpret the
pseudotachylite, with thicknesses <1.5 m, as the result of seismic
slip friction-induced melting of the cataclasized footwall granitic
Figure 10 Map showing location of UePb and 40Ar/39Ar dating in the Daqing Shan area of Fig. 2, this study. Some age determinations were
published in Davis et al. (2002), but subsequent dating is included here. Information on these age determinations and the location of sample
localities is presented in Table 1.
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a feature that distinguishes pseudotachylites from the isotropic
detachment fault microbreccias that directly underlie most
detachment faults. The Youfangying pseudotachylites, exposed in
a small valley west of the village, have localized injection
geometries both parallel to the shear fabrics in the enclosing
breccias and as veinlets across them. Angular, brecciated frag-
ments of footwall mylonitic gneisses are common in the pseudo-
tachylite. In thin section, the pseudotachylite is seen to be largely
a microcrystalline aggregate of probable felsite (quartz-
þ feldspar). Locally, at levels above the pseudotachylite are
breccias that contain angular clasts of the devitrified glass. These
breccias are as thick as 3.5 m and attest to continued displacement
along the detachment fault at shallower structural levels or under
other conditions inappropriate for slip-induced melting.
The temporal sequence of footwall fault-related rocks at
Youfangying (mylonitic granitic gneiss / brecciated (semi-
chloritic) mylonitic gneiss / pseudotachylite / breccias con-
taining pseudotachylite fragments) is indicative of the progressive
ascent of the once deep-seated and semi-ductile lower plate of the
Hohhot detachment fault. A similar progression of increasingly
brittle and structurally higher footwall deformation has been
described for the Whipple Mountains detachment fault in Cal-
ifornia by Davis and Lister (1988), Lister and Davis (1989), and
many other workers at other mcc localities.
The surface to near-surface Cretaceous magmatism of the
upper plate contrasts strikingly with the deep-seated emplacement
and mylonitization of the Cretaceous batholith discussed here. As
is characteristic of Cordilleran-style extensional detachment faults
generated in crystal-plastic shear zones, footwall middle crustal
rock units are juxtaposed against near-surface rock units and
assemblages (Lister and Davis, 1989), a testament to the large slip
on such shallow-dipping master faults. If our estimate of a 40-km
minimum slip along this part of the Hohhot fault is correct, theCretaceous pluton originally lay at mid-crustal depths several tens
of kilometers southeast of their present location.
The age of the sparsely biotitic Cretaceous batholith is not well
defined. Roadside exposures of a small satellite stock of the You-
fangying pluton (PRC-29; N 41 00.850, E 111 58.490) show abrupt
variations between strongly mylonitic domains and domains of
completely unstrained magmatic fabrics. George Gehrels (Univ.
Arizona, written communication, 2/26/2001) reports that prelimi-
nary zircon analyseswere highly discordantwith Pb/U206/238 ages
of 60e90 Ma, indicative of lead loss, and a 207/236 age of
w125 Ma. He noted that its strongly metamict zircons are highly
radiogenicwith several thousand ppmof uranium; this locality is not
shown on Fig. 10, and its dating results are not listed in Table 1. A
similarly unsuccessful dating attempt from a satellitic stock is listed
as PRC-28 (Table 1, Fig. 10). A sample from the main granodioritic
pluton near Youfangying (N 41 59.070, E 112 04.940) displayed
similar discordance. Gehrels reports that one zircon grain has a 206/
238 age of 136 Ma, so that the pluton is “probably at least that old
unless it has inheritance as well as Pb loss”. Biotite in the pluton
from the same locality gives a “discordant age spectrum”with a best
estimate 40Ar/39Ar isochron age of 118.0  0.9 Ma (Terry Spell,
University of Nevada Isotope Geochronology Laboratory, written
communication, 3/13/01). If valid, this isochron age would repre-
sent cooling of the pluton through a temperature of 30050 C.7. The Hohhot detachment fault: contrary views
As might be expected, the ENE-WSW folding of a NW-SE
corrugated detachment fault system has produced a complicated
and not easily predictable fault outcrop pattern, especially when
the effects of mountainous topography are added in Fig. 2. Two
recent and related publications (Qi et al., 2007; Zhang et al.,
2009a) have challenged the structural interpretations presented
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Daqing Shan structure is dominated by multiple north-vergent,
south-dipping thrust faults d the northernmost of which we
consider to be the mylonitic front discussed above (Fig. 9). Both
papers recognize a Hohhot normal fault and hanging wall Creta-
ceous sediments, but believe that it is only present along the
southern margin of the mountain range. As a consequence of these
interpretations, neither paper accepts the antiformal and synformal
folding of the detachment presented in Fig. 2.
In addition, these and other publications (Liu et al., 2003) have
reported the association of shallow-dipping thrust faults in the
Daqing Shan with recrystallized and, in some cases, mylonitic
fabrics in their wall rocks. Wall rock 40Ar/39Ar cooling ages (ser-
icite, muscovite, biotite, and hornblende) are reported in the range
of ca. 119e122 Ma (Liu et al., 2003; Qi et al., 2007; Zhang et al.,
2009a). This age range is synchronous with the range of horn-
blende, biotite, and muscovite Ar/Ar ages (ca. 119e122 Ma) for
mylonitic rocks in the footwall of the Hohhot detachment fault
south of the Daqing Shan antiform (Davis et al., 2002; this paper,
Table 1, Fig. 10). Given the brittle behavior of the Daqing Shan
thrusts that we have observed, we are of the opinion that these “hot”
faults are almost certainly low-angle normal faults associated with
the mcc. At least two of the localities yielding Cretaceous Ar/Ar
age dates presented in Zhang et al. (2009a; DQ04-11, DQ04-35)
and related by them to thrust faulting appear to coincide spatially
with localities along or near the trace of the Hohhot lowermost
detachment on the north flank of the Daqing Shan antiform (Fig. 2).
An essential indicator for distinguishing between low-angle
thrust faults and low-angle detachment faults is that in the latter
case, the exhumed hot footwall is juxtaposed against structurally
higher and colder hanging wall rock units. In contrast, high
temperature rocks that are transported upwards by thrust faulting
lie above the thrusts, not below them. Zhang et al. (2009a, p. 609)
state that “Higher-grade mylonite was formed at the bases of the
hanging wall of the thrusts, while lower-grade phyllonite was
produced on the top of the footwalls.” Similarly, Liu et al. (2003)
report 40Ar/39Ar dating of five syntectonic muscovite grains in
a slate collected from the “footwall” of a Daqing Shan thrust near
110 570 E; the separate grains give apparent ages that define an
isochron age of 121.6  1.6 Ma. The fact that the slate is present
in the footwall of the “thrust” indicates, in our opinion, that it is
a western continuation of the Hohhot master detachment system.
We have followed the Hohhot master detachment continuously as
far west as 40 45.850 N, 111 07.760 E, only about 20 km distant
from the Liu et al. dated locality. In this western area, mylonitic
rocks are not present in the Hohhot footwall, but mixed footwall
assemblages of black gouge and sheared granitoid rocks have S/C-
style fabrics indicating normal fault slip. It is interesting to note
that Liu et al. (2003, Fig. 1) designate our westernmost trace of the
Hohhot fault as a north-directed thrust that is on strike with their
inferred thrust fault farther west.
Our observations and mapping within the Hohhot mcc are
further challenged by published reports that some of the ca.
120 Ma faults show north-vergent senses of shear and are,
therefore, thrusts (Liu et al., 2003; Qi et al., 2007; Zhang et al.,
2009a). In a general conclusion applicable to the entire area of
Fig. 2, we have observed no locality within the map area where the
master Hohhot fault, its splays north of the Daqing Shan antiform,
or the Cretaceous supradetachment basins on either side of the
antiform are cut by a younger thrust. Such profound differences in
structural interpretation (Fig. 9) cannot be reconciled here and will
have to be resolved by future investigators.8. Conclusions: tectonic setting of the Mesozoic
Daqing Shan
8.1. Contraction
As described above, the two contrasting Mesozoic sedimentary
assemblages in the Daqing Shan document a major Early Creta-
ceous tectonic and magmatic reversal between crustal contraction
and crustal extension that characterizes much of northern China
and eastern Asia (e.g. Darby et al., 2004; Davis et al., 2002; Meng,
2003; Ren et al., 2002). This reversal is bracketed in the Daqing
Shan between syncontractional basaltic volcanism (ca. 132 Ma)
and synextensional siliceous and intermediate volcanism (ca.
127e125 Ma). It is important to restate our findings that there is
no structural evidence for contraction within the supradetachment
basin sections studied by Ritts et al. (2009), or for thrust fault
dismemberment of the Hohhot master detachment fault and its
early splays north of the Daqing Shan antiform. We, therefore,
reject published contentions: (1) that Daqing Shan thrusting and
extensional fault faulting were synchronous in the Early Creta-
ceous at about 120e121 Ma. (Qi et al., 2007); (2) that extensional
deformation was confined to a frontal (southernmost) Daqing
Shan normal fault (Qi et al., 2007; Zhang et al., 2009a); or (3) that
Cretaceous extension might not have occurred after Cretaceous
thrust faulting in the Daqing Shan (Liu et al., 2003).
The two components of the Yinshan fold-and-thrust beltd the
eastern Daqing Shan and the western Lang Shand lie between the
Suolon suture to the north and the northern margin of the stable
Ordos Block. The Chinese literature commonly considers the
Mesozoic Yinshan belt to be a western continuation of the Yan-
shan belt, a correlation which we question. For one reason, the
western Yanshan belt, or at least a southern branch of it, turns
southwestward into the northesouth-trending Taihang Shan.
Although it is possible that the Yanshan belt bifurcates, with
a northern branch trending westward into the Yinshan belt, that
possible continuation is buried beneath Tertiary strata.
As has been documented by many workers (e.g. Chen et al.,
2010), the Ordos plateau has a thick lithosphere, up to 200 km,
which distinguishes it from neighboring elements of the North
China craton. The stable rectangular Ordos block is bordered by
diverse zones of Mesozoic and Cenozoic crustal contraction and
extension and is surrounded by thinner lithospheric sections (Zhang
et al., 2006). The Yinshan belt to the north has a demonstrably
thinner lithosphere, ca. 75e80 km (Chen et al., 2010) and one that
would presumably have been rheologically weakened by Creta-
ceous, if not earlier, magmatism. Lin et al. (2004) have modeled the
Mesozoic crustal evolution of the North China block and emphasize
the role of the strong Ordos in influencing both crustal contraction
and extension. They model the Yinshan belt as a NeS thickened
wedge between the Ordos block and the Suolon suture.
Darby, from field studies north andwest of the Ordos plateau has
provided evidence that the middle Mesozoic Yinshan fold-and-
thrust belt may be the result of indentation of the northern margin of
the North China craton by the Ordos block (Darby, 2003; Darby and
Ritts, 2002). The case for northward indentation of the Yinshan belt
by the Ordos is supported most strongly by the discovery of a major
NNW-striking sinistral strike-slip fault along the northwestern
margin of the Ordos plateau (Fig. 1; Darby and Ritts, 2002). That
fault lies beneath the Yellow River floodplain and has an approxi-
mate slip of 60 km based on the separation of correlative structures
in the Helan Shan, west of the Yellow River, and the Zhuozi Shan to
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projects northwards into the Lang Shan where several NNW-
striking sinistral fault splays are observable on satellite images and
confirmed by fieldwork. Field relations discussed by Darby and
Ritts (2002) indicate that slip on the fault, and the presumed resul-
tant indentation of the Yinshan belt by the Ordos block that it
borders, occurred in post-Late Jurassic and pre-mid-Cretaceous
time. If so, the timing of sinistral slip appears broadly compatible
with the timing of north-directed contractional deformation by
thrusting within the crystalline basement of the Daqing Shan.
Additional evidence for indentation of the Yinshan belt is the
southward wrap-around geometry of the Lang Shan at the north-
western corner of the Ordos block (Fig. 1). An argument against the
indentation theory is the apparent absence of a geometrically
compatible north-striking dextral fault along the eastern margin of
the Ordos block. If such a fault exists, it might have contributed to
the northesouth alignment of the Cenozoic Yellow River that
borders this margin, or be hidden beneath the thick late Cenozoic
loess deposits of that region.
8.2. Extension
The origin of extension in the Daqing Shan represented by the
Hohhot detachment system cannot be found in the range itself.
Early Cretaceous NW-SE extension occurred throughout an
eastern Asian region of subcontinental proportions, extending
southwards from southeastern Siberia to the Qinling orogenic belt,
and from the Bei Shan area in the Gobi desert to the Yalu River
between North and South Korea (Darby et al., 2004; Meng, 2003;
Ren et al., 2002). The degree of crustal extension throughout this
vast region of more than two million square kilometers was not
homogeneous, but the timing of its onset (ca. 130e120 Ma) and
the subparallelism of its NW-SE extensional strain was uniform.
It needs to be emphasized that the most profound geographic
and tectonic manifestations of Early Cretaceous crustal extension
in this vast East Asian region are the metamorphic core complexes
aligned within three earlier orogenic systems. From north to south,
these are the thickened collisional belts resulting from subduction-
related closure of the Mongol-Okhotsk ocean (Donskaya et al.,
2008; Zorin, 1999), the subduction-related collision(s) repre-
sented by the Suolon suture (Xiao et al., 2003; Zhang et al., 2007,
2009b) and the Permian-Early Triassic Dabie ShandQinling
orogen between the North and South China continental plates.
Thus, it seems clear (to us) that contraction-related crustal welts
focused subsequent regional extension which, in all likelihood,
was accompanied by gravitationally-induced spreading. The
nature, however, of the synchronous() triggering phenomena for
regional crustal extension remains elusive.
Localized mid-crustal Cretaceous plutonism appears to have
further influenced core complex development and would have,
presumably, encouraged gravitational collapse of thickened crust.
However, defining spatial and temporal associations remain unclear.
Lin and Wang (2006), for example, propose a direct relationship in
the northern North China block between mcc development and
synextensional granitic intrusion (ca. 121e116 Ma) into the foot-
walls of four North China block mcc’s (including Hohhot and
Yunmeng Shan). However, plutonism in the Yunmeng Shan mcc
ranged from 159 to 141Ma (Davis et al., 1996b; Shi et al., 2009), not
116e118Ma as asserted, and the age of Cretaceous plutonism in the
Hohhot complex is not well defined (this paper). Nevertheless,
a close temporal association, broadly ca. 135e117 Ma, of Early
Cretaceous extension and alkalic A-type (anorogenic) magmatismhas been thoroughly documented (e.g. Wang et al., 2004; Wu et al.,
2002; Yang et al., 2008). These papers note that diverse alkaline
granitic melts are generated at different levels within the crust. They
are believed to require high temperatures that are best attributable to
asthenospheric mafic melt contributions by underplating below,
and/or intrusion into the crust. Consequently, the upward rise of
asthenosphere (with accompanying decompression melting) during
Cretaceous regional extension is widely favored by igneous
petrologists. The reasons for such upward rise are controversial and
include by one or more candidate processes such as delamination or
piecemeal foundering of subcontinental mantle lithosphere, sub-
lithospheric “erosion”, lithospheric extension, Pacific margin back-
arc extension, and mantle plumes.
Reasons for development of the surprisingly homogeneous NW-
SE extensional field in eastern Asia remain controversial, but in our
and others’ opinions (Cope and Graham, 2007; Darby et al., 2004;
Liu et al., 2008) have little or nothing to do with the profound and
puzzling loss or conversion of subcontinental lithospheric mantle
that is well documented in easternmost China (Chen et al., 2003;
Gao et al., 2002; Xu, 2001). The pattern of variable lithospheric
thickness across eastern Asia from the Dabie Shan to southern
Siberia has no obvious spatial relationship to either the belts of Early
Cretaceous mcc’s or the synchronous extensional basins that lie
between them (Liu et al., 2008; Meng, 2003). With the possible
exception of the Songliao basin, where an Early Cretaceousmcc has
been reported (Liu et al., 2008, their Fig. 1), there is no compelling
reason to equate a “thinned” lithosphere, as seem beneath the
Songliao region with Early Cretaceous crustal extension. For
example, a lithospheric control on mcc development in the east-to-
west Bei ShandYin ShandYan ShandLiaodong mcc corridor is
difficult to reconcile with the fact that its Early Cretaceous mcc’s
currently lie above continental lithosphere with quite variable
thickness. The most important common tectonic denominators
within the corridor are, with exceptions, its inception of extension
around 130  5 Ma, its NW-SE direction of extension, and the
occurrence of Cretaceous alkaline granitic plutons d but not the
current depth to the asthenosphere beneath them.
A final note. Greater attention should be paid to areas such as
the Yunmeng Shan (Davis et al., 1996a,b, 2001) and the Daqing
Shan (this paper) where Early Cretaceous strain reversal from
contraction to extension occurred within as little as a few million
years. The rapidity of this reversal is instructive. The timing of the
triggering event(s) for this dramatic regional stress and strain
reorientation is a better clue to understanding the cause or causes
of Cretaceous extension throughout eastern Asia, in our opinion,
than relating it to lithospheric loss or thinning over what appears
to have been a protracted length of time (e.g. Xu, 2001).Acknowledgments
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